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(57) ABSTRACT

Theinvention relates to a method for depositing a material for
a target onto a surface of a sample, which method comprises
the steps of: 1rradiating a surface of the target with a laser or

clectron beam to generate a plume of target material particles;
positioning the sample near the plume, such that the target
material particles are deposited onto the surface of the

sample; rotating the sample around a rotation axis being
perpendicular to the surface of the sample onto which the

particles are deposited; moving the laser beam along the
surface of the target, such that the plume moves 1n a radial
direction 1n relation to the rotation axis; pulsing the laser
beam at a variable frequency.

7 Claims, 1 Drawing Sheet
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1
METHOD FOR DEPOSITING A MATERIAL

BACKGROUND OF THE INVENTION

1) Field of the Invention
The mvention relates to a method for depositing a material
ol a target onto a surface of a sample, which method com-
prises the steps of:
irradiating a surface of the target with a laser or electron
beam to generate a plume of target material particles;

positioning the sample near the plume, such that the target
material particles are deposited onto the surface of the
sample.

2) Description of the Related Art

Depositing a material of a target onto a surface of a sample
can be done with so-called pulsed laser deposition (PLD) This
PLD technique enables one to coat objects with a material of
choice of a very ligh quality and 1n a very thin layer. This
pulsed laser deposition technique 1s often used 1n research
environments.

However, 1t 1s desired to be able to have the advantages of
the PLD technique in the industry. The difficulty 1s however
that the PLD technique 1s only suited for small scale applica-
tions. With the current technology typically a surface of about
10 mm by 10 mm 1s covered in a homogeneously layer. This
area 1s limited by the plasma plume created during the PLD
technique. This plume 1s only uniform in a small area of
typically 10 mm by 10 mm.

SUMMARY OF THE INVENTION

It 1s now an object of the ivention to resolve the above-
mentioned problem.

This object 1s achieved with a method according to the
invention, which 1s characterized by:

rotating the sample around a rotation axis being perpen-

dicular to the surface of the sample onto which the
particles are deposited;

moving the laser beam along the surface of the target, such

that the plume moves 1n a radial direction 1n relation to
the rotation axis;

pulsing the laser beam at a variable frequency.

By rotating the sample around a rotation axis 1t 1s possible
to have the plume deposit material on an annular area on the
sample. By moving the laser beam along the surface of the
target 1n a radial direction 1t 1s possible to cover the full
surface of a disc shaped sample surface. So although the
elfective plume of PLD 1s only typically 10 mm by 10 mm 1t
1s still possible to cover a far larger sample surface.

It 1s however necessary to furthermore pulse the laser beam
at a variable frequency in order to maintain a homogeneous
deposition of target material onto the sample and to maintain
a homogeneous pulse rate over the total substrate area for
homogeneous thin film properties. If for example a constant
angular velocity of the sample 1s maintained, less target mate-
rial would be necessary for the annular surface near the center
of rotation, than an annular surface at the distance from this
rotation axis. By varying the frequency of the pulsed laser
beam 1t 1s easy to provide for a homogenous distribution of
target material particles over the full surface of the sample.

In an embodiment of the method according to the mven-
tion, the sample surface 1s disc shaped and preferably the
surface of the target 1s substantially parallel to the surface of
the sample.

In a preferred embodiment of the method according to the
invention the target material 1s a rod, which 1s rotatable along
its longitudinal axis. When the target material 1s 1irradiated by
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the laser beam a small portion of the material will be ablated
and these particles will form the plume. If the laser beam
irradiates only one small portion of the target the ablated
amount of material will become substantial and will disturb
the PLD process. In particular when large surfaces are coated
with this PLD technique according to the imnvention substan-
tial amounts of material will be ablated and this will have its
cifect on the target material and onto the process. Now by
providing a rod shaped target material, which can be rotated
along its longitudinal axis it 1s possible to switch the area at
the target material from which the material 1s ablated. In
combination with the moving laser beam and rotation of the
rod 1t 1s possible to have an even ablation of material from the
target material.

In another preferred embodiment of the method according,
to the invention the angular velocity of the sample 1s depen-
dent on the distance between the rotation axis and the contact
area of the laser beam on the surface of the target.

By varying the angular velocity of the sample 1t provides
for a further control parameter to have a homogeneous depo-
sition of material onto the sample.

In yet another embodiment of the method according to the
invention the pulse frequency of the laser beam 1s dependent
on the distance between the rotation axis and the contact area
of the laser beam on the surface of the target. As already
described, with a constant angular velocity, the pulse fre-
quency would be lower when depositing near the center of the
sample than when depositing at the outer edge of the sample.
However, 11 the angular velocity 1s also varied an optimum
can be simply calculated.

Preferably the pulsing frequency of the laser beam 1s 1n the

range of 1 Hz and 500 Hz.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will be elucidated
in conjunction with the accompanying drawings.

FIG. 1 shows 1n schematic way the method according to the
invention.

FIG. 2 shows a top view of a sample with schematically
shown the positions.

FIG. 3 shows a second embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1 a rotatable sample holder 1 1s shown. Onto this
rotatable sample holder 1 a sample 2 1s arranged. This sample
2 1s typically a thin disc of a suitable material, which needs to
be coated.

Underneath the sample holder 1 and sample 2 a target
material 3 1s arranged. This target material has the shape of a
rod and has two journals 4, 5 with which the target material 3
can be rotated along the longitudinal axis 6.

A laser beam 7 from a laser device (not shown) 1s directed
onto a mirror 8. This mirror 8 1s tiltable.

The laser beam 7 1s reflected by the mirror 8 and projected
onto the target material 3 1n order to create a plume 9. This
plume 9 consists out of ablated target material 3.

By tilting the mirror 8 the fixed laser beam 7 can be moved
over the surface of the target material 3 1n the direction of the
longitudinal axis 6. As a result the plume 9 1s movable 1n
radial direction of the sample disc 2.

In FIG. 2 the sample disc 2 1s shown and a number of
depositions 10. These depositions 10 are the result of the
plume 9. By tilting the mirror 8 plume 9 1s moved 1n radial
direction of the disc 2 having the result shown 1n FIG. 2.
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Now by rotating the sample disc these depositions can be
spread over the full surface of the disc 2. As will be apparent
from FIG. 2 this would result 1n a higher deposition of mate-
rial near the center 11 than near the edge of the sample disc,
when the angular velocity w 1s kept constant and the deposi-
tion rate 1s also kept constant, by keeping the laser frequency
rate constant. Therefore as a result of the invention the depo-
sition rate 1s modified by varying the frequency of the laser
beam such that less material 1s deposited near the center 11
and more material deposited near the edge of the sample disc.
By varying at least the pulse frequency and pretferably also the
angular velocity 1t 1s possible to have a sample surface with
dimensions far larger than the conventional dimensions of a
deposit area 10 coated homogeneously.
FIG. 3 shows a second embodiment 1n a schematic view of
the invention. A rotatable sample holder 20 1s shown onto
which a sample 21 1s arranged. Above this rotatable sample
holder a rotatable target material holder 22 1s arranged. On
this target holder 22 a target 23 1s placed, which has 1n this
embodiment a disc-like shape.
Furthermore, FIG. 3 shows a laser beam or electron beam
24, which 1s directed to a focused mirror 25 which directs the
laser beam to a translatable tlat mirror 26. This flat mirror 26
directs the laser beam onto the target material 23 causing a
plume 27 of particles of the target material, which will be
deposited onto the sample material 21.
The flat mirror 26 1s guided along a guide 28 such that the
mirror 26 can be translated. By translating the mirror 26 the
laser beam 24 can be moved over the surface of the target
material 23 and thus the plume 27 can be moved over de
surface of the sample material 21.
The mvention claimed 1s:
1. A method for depositing a maternial of a target onto a
surface of a sample, which method comprises the steps of:
(a) 1rradiating a surface of the target with a laser to generate
a plume of target material particles;

(b) positioning the sample near the plume, such that the
target material particles are deposited onto the surface of
the sample;
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(c) rotating the sample around a rotation axis which
extends from a center of the sample and 1s perpendicular
to the surface of the sample onto which the particles are
deposited;

(d) moving the laser beam along the surface of the target,
such that the plume moves 1n a radial direction in rela-
tion to the rotation axis, wherein the laser beam 1s
directed by a translatable mirror and the mirror 1s trans-
lated 1n a direction that 1s parallel to both the target and
the substrate resulting 1n movement of the laser beam
along the surtace of the target; and

(¢) pulsing the laser beam,

wherein the pulse frequency of the laser beam 1s changed as
the distance between the plume and the center of the
sample 1s changed such that a greater amount of target

material particles are deposited at an edge of the sample
than at a center of the sample.

2. The method according to claim 1, wherein the sample
surface 1s disc shaped.

3. The method according to claim 1, wherein the surface of
the target 1s substantially parallel to the surface of the sample.

4. The method according to claim 1, wherein the target
material 1s a rod, which 1s rotatable along its longitudinal axis.

5. The method according to claim 1, wherein the angular
velocity of the sample 1s chosen based on the distance
between a contact area of the laser beam on the surface of the
target and an intersection of the rotation axis with the surface
of the target.

6. The method according to claim 1, wherein pulse 1ire-
quency of the laser beam 1s chosen based on the distance
between a contact area of the laser beam on the surface of the
target and the mtersection of the rotation axis with the surface
of the target.

7. The method according to claim 1, wherein the pulse
frequency 1s 1n the range of 1 Hz and 500 Hz.
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